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Background
• Natural transformation is the ability of bacteria to
take up extracellular DNA from its surroundings and
integrate it into its own genome, allowing for rapid
acquisition of new traits, such as antibiotic
resistance.
• There is little knowledge in how many, and which,
human commensal bacteria are contributing to the
spread of drug resistance through this route. Our
goal was to develop novel tools to measure DNA
uptake and identify transformable bacteria from a
mixed population.

• DNA binding, the initial step in bacterial transformation,
will be used to isolate transformable bacteria.
DNA + magnetic
nanoparticles

Transformable bacteria

Fig. 1. Separation of transformable bacteria via binding of
competent (green) cells to DNA bound to magnetic nanoparticles.

Results/Explanation
• Bacillus subtilis, a known naturally transformable
• Biotinylated DNA fragments were created via PCR and
bacteria, was used for method development. This
attached to streptavidin-coated magnetic nanoparticles.
strain in particular expresses green fluorescent protein
C
D
(GFP) when in the competent state.
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Fig. 2. Bimodal population of fluorescent (competent) and
non-fluorescent (non-competent) cells of Bacillus subtilis as
shown by fluorescent microscopy (A) and flow cytometry (B).

• The bimodal population of cells was incubated with the
nanoparticles and magnetically separated.
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Fig. 3. DNA attachment to the magnetic nanoparticles
DynabeadsM280. (C) Confocal microscopy of nanoparticles
shows DNA attached to the surface and stained with ethidium
bromide. (D) Analysis of DNA binding to the beads using gel
electrophoresis of the DNA before (fragment) and after binding
to the nanoparticles shows depletion of DNA from solution in
Method 1, and to a lesser extent in Method 2. This indicates
that the DNA fragment was attached.

Fig. 4 (left). Flow cytometry of nanoparticles alone (E) and
nanoparticles separated after incubating with cells (F) shows little
difference between the two. There should be a higher shift in GFP for
the latter trial, which would indicate binding of the competent,
fluorescent cells. This trial was unsuccessful.

Future Work

• Attachment of competent cells to the DNA-nanoparticles will be attempted with differing incubation times to
determine how long the cell stays bound to DNA until it detaches after DNA internalization and integration.
• If the method is successful in separating the competent subpopulation of B. subtilis, it will be used with complex
microbial mixtures, such as those found in the gut or soil microbiome, to identify novel transformable bacteria.

Acknowledgements
This research was sponsored in part by the UAH Office of the Provost and the UAH Office of the Vice President for
Research and Economic Development. Special thanks to David Cook and Dr. Bernhard Vogler for their guidance in the
RCEU program, and Dr. Kyung-Ho Roh and Abhinav Ayyadevara for their help in the flow cytometry.

